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(54) Reinforcing structure for body frame of vehicle

(57) A reinforcing structure is provided to attain suf-
ficient reinforcing effect for a body frame without in-
creasing a weight of a vehicle. The reinforcing structure
includes a front pillar (3) whose peripheral wall has an
outer panel (13) and a reinforcement (14) to provide a
double wall structure, and an adjusting mechanism (15)
for making a buckling-mode waveform of the outer panel
(13) in a substantially-reversed phase to a buckling-

mode waveform of the reinforcement (14). The adjusting
mechanism (15) includes a plurality of beads (16)
formed on a top wall of the reinforcement (14). Owing
to the deformation of the outer panel (13) in a substan-
tially-reversed phase to the deformation of the reinforce-
ment (14), a resistance force due to contact between
the outer panel (13) and the reinforcement (14) allows
a deformation of the front pillar (3) to be restricted to
enhance reinforcing effect of the reinforcing structure.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a reinforcing
structure for a body frame of a vehicle.

2. Description of Related Art

[0002] In general, the body frame of a vehicle is
formed by various framework members each having a
closed section, for example, pillars, side members,
cross members, side sills, etc. In assembling, these
framework members are connected with each other by
means of welding etc. In order to enhance rigidity of the
assembly while reducing its weight, it has been attempt-
ed to fill up the closed section of the framework member
with foaming urethane. Alternatively, it has been at-
tempted to insert a reinforcement into the closed section
of the framework member (see Japanese Patent Appli-
cation Laid-open Nos. 2001-8840 and 11-235963).
[0003] Additionally, Japanese Patent Application
Laid-open No. 2001-180518 discloses a reinforcing
structure for body frames of an automobile. In this rein-
forcing structure, a framework member as a constituent
of a vehicle frame is formed by an outer member having
a hollow (closed) section and a reinforcement inside the
outer member. By the integral forming method, the re-
inforcement is shaped so as to overlap the whole inside
of the outer member, thereby reinforcing it effectively
and lightly.

SUMMARY OF THE INVENTION

[0004] In the former structures adopting the foaming
urethane and the reinforcement, there is a tendency of
increasing a charging amount of the foaming urethane
and a thickness of the reinforcement in order to ensure
sufficient reinforcing effect, causing a weight of the ve-
hicle body to be increased.
[0005] In the latter structure, as the reinforcement is
configured so as to follow an uneven inside profile of the
outer member, the strength distribution of an integrated
element (i.e. the outer member and the reinforcement)
is still unchanged in comparison with that of the outer
member though its strength is improved by the addition
of the reinforcement. Therefore, as to the position of
folding deformation, there is no difference between the
outer member with the reinforcement and the outer
member with no reinforcement. That is, despite the
whole area of the outer member being covered with the
reinforcement, it merely has effect to reinforce such a
deformable part(s) of the outer member, exhibiting an
ineffective reinforcing effect.
[0006] In such a situation, it is an object of the present
invention to provide a reinforcing structure for a body

frame, which can provide the body frame with a suffi-
cient reinforcing effect without increasing the weight of
the vehicle body.
[0007] According to the present invention, the above-
mentioned object is accomplished by a reinforcing struc-
ture for a body frame of a vehicle, comprising:

a framework member having two wall members ad-
jacent to each other to provide a peripheral wall of
the framework member with a double wall structure;
and
an adjusting mechanism for adjusting respective
buckling-mode waveforms of the two wall members
to be different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is a perspective view showing a body frame
of an automobile, to which the present invention is
applied;
Fig. 2 is a perspective view explaining the structure
of a pillar (part) and a roof side rail (part), in accord-
ance with a first embodiment of the present inven-
tion;
Fig. 3 is a perspective view explaining the structure
of a side sill (part) of the first embodiment of the in-
vention;
Fig. 4 is a perspective view explaining the structure
of an extension side member (part) of the first em-
bodiment of the invention;
Fig. 5 is a perspective view explaining the structure
of a cross member (part) of the first embodiment of
the invention;
Fig. 6 is a perspective view showing the structure
of a reinforcement for a front pillar (part) of the first
embodiment of the invention;
Fig. 7 is a perspective view showing the structure
of a reinforcement for a center pillar (part) of the first
embodiment of the invention;
Fig. 8 is a perspective view showing the structure
of a reinforcement for the roof side rail (part) of the
first embodiment of the invention;
Fig. 9 is a perspective view showing the structure
of a reinforcement for a rear pillar (part) of the first
embodiment of the invention;
Fig. 10 is a sectional view of a double wall structure
(part) of the first embodiment of the invention, show-
ing its condition before being deformed;
Fig. 11 is a sectional view of the double wall struc-
ture (part) of the first embodiment of the invention,
showing its condition after being deformed;
Fig. 12 is a sectional view of a comparative double
wall structure (part) against the double wall struc-
ture of the present invention, showing a condition
where constituents of the comparative double wall
structure are deformed in synchronous phase;
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Fig. 13 is a graph showing a comparison in contact
force by deformation between the double wall struc-
ture of the invention and the comparative double
wall structure whose constituents are deformed in
synchronous phase;
Fig. 14 is a graph showing a comparison in reaction
force by deformation between the double wall struc-
ture of the invention and the comparative double
wall structure whose constituents are deformed in
synchronous phase;
Fig. 15 is a graph showing a comparison in energy
consumption by deformation between the double
wall structure of the invention and the comparative
double wall structure whose constituents are de-
formed in synchronous phase;
Fig. 16 is a perspective view similar to Fig. 5, ex-
plaining the structure of a cross member (part) of a
first modification of the first embodiment of the in-
vention;
Fig. 17 is a perspective view similar to Fig. 5, ex-
plaining the structure of a cross member (part) of a
second modification of the first embodiment of the
invention;
Fig. 18 is a perspective view similar to Fig. 5, ex-
plaining the structure of a cross member (part) of a
third modification of the first embodiment of the in-
vention;
Fig. 19 is a view similar to a sectional view taken
along a line 19-19 of Fig. 18, explaining the struc-
ture of a cross member (part) of a fourth modifica-
tion of the first embodiment of the invention;
Fig. 20 is a perspective view of a side member ex-
tension in accordance with a second embodiment
of the invention, viewed from the underside of the
vehicle floor;
Fig. 21 is a perspective view of a reinforcement of
the side member extension of Fig. 20;
Fig. 22 is an enlarged perspective view of a circle
area shown with 23A of Fig. 21;
Fig. 23 is a sectional view taken along a line 23-23
of Fig. 20;
Fig. 24 is a side view showing the arrangement of
the side member extension of Fig. 20 schematically;
Fig. 25 is a side view showing the operation of the
side member extension of Fig. 20 and its buckling-
mode waveform, similar to Fig. 24;
Fig. 26 is a view explaining the buckling models of
an outer member having a large amplitude of defor-
mation and a reinforcement having a small ampli-
tude of deformation;
Fig. 27 is an explanatory view showing combined
buckling-mode waveforms of the outer member and
the reinforcement of Fig. 26;
Fig. 28 is an explanatory view showing a composed
buckling-mode waveform of the waveforms of Fig.
27;
Fig. 29 is a perspective view showing a first modifi-
cation of the second embodiment, similar to Fig. 22;

Fig. 30 is a view similar to a sectional view taken
along a line 30-30 of Fig. 29, showing a second
modification of the second embodiment of the in-
vention;
Fig. 31 is a perspective view showing a third modi-
fication of the second embodiment;
Fig. 32 is a sectional view taken along a line 32-32
of Fig. 31;
Fig. 33 is a perspective view showing a fourth mod-
ification of the second embodiment;
Fig. 34 is a sectional view taken along a line 34-34
of Fig. 33;
Fig. 35 is a sectional view similar to Fig. 33, showing
a fifth modification of the second embodiment;
Fig. 36 is a sectional view showing a sixth modifi-
cation of the second embodiment;
Fig. 37 is a sectional view taken along a line 37-37
of Fig. 36;
Fig. 38 is a sectional view similar to Fig. 36, showing
a seventh modification of the second embodiment;
Fig. 39 is a perspective view of a center pillar show-
ing an eighth modification of the second embodi-
ment;
Fig. 40 is a sectional view taken along a line 40-40
of Fig. 39;
Fig. 41 is a side view showing a section of an es-
sential part of the eighth modification of the second
embodiment;
Fig. 42A is a perspective view of an outer member
in accordance with a ninth modification of the sec-
ond embodiment and Fig. 42B is a perspective view
of a reinforcement in accordance with the ninth
modification;
Fig. 43 is a perspective view showing a tenth mod-
ification of the second embodiment;
Fig. 44 is a perspective view showing an eleventh
modification of the second embodiment;
Fig. 45 is a perspective view showing a twelfth mod-
ification of the second embodiment;
Fig. 46 is an exploded perspective view showing a
side sill in accordance with a third embodiment of
the invention;
Fig. 47 is a sectional view showing an essential part
of the side sill of Fig. 46;
Fig. 48 is a sectional view taken along a line 48-48
of Fig. 47;
Fig. 49 is a plan view showing the arrangement of
the side sill of Fig. 46 and its buckling-mode wave-
form schematically;
Fig. 50 is a plan view showing the operation of the
side sill of Fig. 46 schematically;
Fig. 51 is a plan view showing a different example
of the operation of the side sill of Fig. 46 schemati-
cally;
Fig. 52 is a view explaining the buckling models of
an outer member having a large amplitude of defor-
mation and a reinforcement having a small ampli-
tude of deformation;
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Fig. 53 is an explanatory view showing combined
buckling-mode waveforms of the outer member and
the reinforcement of Fig. 52;
Fig. 54 is an explanatory view showing a composed
buckling-mode waveform of the waveforms of Fig.
53;
Fig. 55 is a perspective view showing a front side
member in a first modification of the third embodi-
ment;
Fig. 56 is a sectional view of the front side member
of Fig. 55;
Fig. 57 is a sectional view taken along a line 57-57
of Fig. 56;
Fig. 58 is a perspective view showing a center pillar
in a second modification of the third embodiment;
Fig. 59 is a showing a section of an essential part
of the center pillar of Fig. 58;
Fig. 60 is a perspective view of a side member ex-
tension in accordance with a third modification of
the third embodiment of the invention, viewed from
the underside of the vehicle floor;
Fig. 61 is a sectional view taken along a line 61-61
of Fig. 60;
Fig. 62 is a perspective view showing combined
buckling-mode waveforms of an outer member and
a reinforcement both forming the side member ex-
tension of Fig. 60;
Fig. 63 is an enlarged perspective view showing a
part of adjusting mechanism of Fig. 62;
Fig. 64 is a perspective view showing a fourth mod-
ification of the third embodiment, similar to Fig. 62;
and
Fig. 65 is a sectional view similar to a sectional view
taken along a line 65-65 of Fig. 64, showing a fifth
modification of the third embodiment of the inven-
tion.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0009] Referring to accompanying drawings, various
embodiments of the present invention will be described
below. The following descriptions are divided broadly in-
to three embodiments each containing various modifi-
cations. In advance of describing these embodiments,
we first describe a body frame of an automobile to which
the present invention is to be applied.
[0010] Fig. 1 is a perspective view of the outward ap-
pearance of the automobile. In this figure, reference nu-
meral 1 designates a vehicle body, alphabet C a cabin
in the vehicle body 1, and reference numeral 2 desig-
nates a body frame.
[0011] As one constituent of the body frame 2, a side
frame SF on one side of the vehicle body 1 is formed by
framework members extending in an up-and-down di-
rection of the vehicle and other framework members ex-
tending in a fore-and-aft direction of the vehicle. The
former framework members include a front pillar 3, a
center pillar 4, a rear pillar 5 and so on. The latter frame-

work members include a roof side rail 6 connected to
respective upper ends of the front pillar 3, the center
pillar 4 and the rear pillar 5, and a side sill 7 connected
to respective lower ends of the front pillar 3, the center
pillar 4 and the rear pillar 5.
[0012] A floor frame FF also forming the body frame
2 includes a pair of extension side members 9 as frame-
work members arranged under both sides of a floor pan-
el 8 to extend in the fore-and-aft direction of the vehicle,
a cross member 10 as a framework member arranged
under the floor panel 8 to extend in a width direction of
the vehicle, and also the above side sills 7 on both sides
of the vehicle body 1.
[0013] The extension side members 9 are in the form
of respective backward extensions of two side members
11 as framework members in the fore-and-aft direction
of the vehicle. Therefore, the extension side member 9
may be called "side member extension" in this art, alter-
natively. The extension side members 9 are welded to
the lower face of the floor panel 8.

[1st. Embodiment]

[0014] Fig. 2 shows the first embodiment of the
present invention. In common with the above pillars 3-5
and also the roof side rail 6, each framework member
includes an inner panel 12 formed with a substantial hat-
shaped section and an outer panel 13 formed with a sub-
stantial hat-shaped section whose drawing depth is larg-
er than that of the inner panel 12. In assembling, the
panel 12 is connected with the panel 13 by allowing re-
spective flanges 12a, 13a of the panels 12, 13 to abut
on each other and continuously spot-welding the flang-
es 12a, 13a together, providing a closed section.
[0015] In common with the upper framework mem-
bers (i.e. the front pillar 3, the center pillar 4, the rear
pillar 5, the roof side rail 6), according to this embodi-
ment, a peripheral wall on the side of the outer panel 13
has a double wall structure composed of the outer panel
13 and a reinforcement 14 arranged inside the outer
panel 13. Thus, the outer panel 13 and the reinforce-
ment 14 form two wall members of the invention.
[0016] The reinforcement 14 is formed with a hat-
shaped section substantially identical to that of the outer
panel 13. Each flange 14a of the reinforcement 14 on
each side thereof is pinched between the flange 12a of
the inner panel 12 and the flange 13a of the outer panel
13 and welded to these flanges 12a, 13a for integration.
[0017] The substantial hat-shaped section of the out-
er panel 13 is formed by a top wall 13b and side walls
13c on both sides of the top wall 13b. Similarly, the sub-
stantial hat-shaped section of the reinforcement 14 is
formed by a top wall 14b and side walls 14c on both
sides of the top wall 14b. In arrangement, a required
clearance is defined between the top wall 13b of the out-
er panel 13 and the top wall 14b of the reinforcement
14. Additionally, a required clearance is defined be-
tween each side wall 13c of the outer panel 13 and each
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side wall 14c of the reinforcement 14.
[0018] According to the invention, this assembly hav-
ing the inner panel 12, the outer panel 13 and the rein-
forcement 14 is provided with a mechanism 15 for mak-
ing a "buckling-mode" waveform SB (see Fig. 11) of the
reinforcement 14 a reversed phase (antiphase) of a
"buckling-mode" waveform SA (see Fig. 11) of the outer
panel 13.
[0019] In order to attain the above-mentioned buck-
ling-mode waveform SB, according to the first embodi-
ment, the mechanism 15 is formed by a plurality of
beads 16 on the top wall 14b of the reinforcement 14.
Each bead 16 is formed so as to straddle ridgelines be-
tween the top wall 14b and the side walls 14c and also
shaped to have a triangular section. The so-formed
beads 16 are juxtaposed on the top wall 14b along the
longitudinal direction of the reinforcement 14.
[0020] Fig. 3 shows the above side sill 7 in accord-
ance with the first embodiment of the present invention.
The side sill 7 includes an inner panel 17 formed with a
substantial hat-shaped section and an outer panel 18
formed with a substantial hat-shaped section whose
drawing depth is larger than that of the inner panel 17.
In assembling, these panels 17, 18 are united by allow-
ing respective flanges 17a, 18a of the panels 17, 18 to
abut on each other and further spot-welding the flanges
17a, 18a together, providing a closed section.
[0021] The outer panel 18 has an upper wall 18b and
a side wall 18c. The upper wall 18b is shaped in a step
manner with multistage, while the lower part of the side
wall 18c is shaped in a curve to provide a rounded sill
bottom, whereby the outer panel 18 has a different hat-
shaped section.
[0022] In the side sill 7, a peripheral wall on the side
of the outer panel 18 has a double wall structure com-
posed of the outer panel 18 and a reinforcement 19 ar-
ranged inside the outer panel 18. Thus, the outer panel
18 and the reinforcement 19 form two wall members in
the side sill 7 of the invention.
[0023] The reinforcement 19 is formed with a different
hat-shaped section substantially identical to that of the
outer panel 18. Similarly, the different hat-shaped sec-
tion of the reinforcement 19 is formed by a top wall 19b
and a rounded side walls 19c. Each flange 19a of the
reinforcement 19 on each side thereof is pinched be-
tween the flange 17a of the inner panel 17 and the flange
18a of the outer panel 18 and welded to these flanges
17a, 18a for integration.
[0024] In arrangement, a required clearance is de-
fined between the top wall 18b of the outer panel 18 and
the top wall 19b of the reinforcement 19. Additionally, a
required clearance is defined between the side wall 18c
of the outer panel 18 and the side wall 19c of the rein-
forcement 19.
[0025] As the mechanism 15 for making a "buckling-
mode" waveform SB of the reinforcement 19 a reversed
phase of a "buckling-mode" waveform SA of the outer
panel 18, there are formed a plurality of beads 20 on the

side wall 19c of the reinforcement 19. Each bead 20 is
shaped to have a triangular section. The so-formed
beads 20 are juxtaposed on the side wall 19c along the
longitudinal direction of the reinforcement 19.
[0026] Each bead 20 is formed so as to straddle a
ridgeline between the top wall 19b and the side wall 19c
and another ridgeline between the side wall 19c and the
lower flange 19a.
[0027] Fig. 4 shows the above extension side member
9 and Fig. 5 shows the above cross member 10, in ac-
cordance with the first embodiment of the present inven-
tion.
[0028] The extension side member 9 is welded to a
lower face of the floor panel 8 through flanges 9a, form-
ing a closed section. Also, the cross member 10 is weld-
ed to the upper face of the floor panel 8 through flanges
10a, forming a closed section.
[0029] In the extension side member 9, its peripheral
wall has a double wall structure composed of the exten-
sion side member 9 itself and a reinforcement 21 ar-
ranged inside the member 9. In the cross member 10,
its peripheral wall has a double wall structure composed
of the cross member 10 itself and another reinforcement
21 arranged inside the member 10. Thus, the extension
side member 9 and the reinforcement 21 correspond to
two wall members forming the double wall structure of
the extension side member 9. The cross member 10 and
the reinforcement 21 correspond to two wall members
forming the double wall structure of the cross member
10.
[0030] The extension side member 9 has a top wall
9b and a pair of side walls 9c on both sides of the top
wall 9b, providing a hat-shaped section. Similarly, the
cross member 10 has a top wall 10b and a pair of side
walls 10c on both sides of the top wall 10b, providing a
hat-shaped section.
[0031] The reinforcement 21 is formed with a hat-
shaped section substantially identical to the above sec-
tion of the extension side member 9 and also the above
section of the cross member 10. That is, in common with
Figs. 4 and 5, the reinforcement 21 has a top wall 21b
and a pair of side walls 21c on both sides of the top wall
21b,
[0032] In Fig. 4, each flange 21a of the reinforcement
21 on each side thereof is pinched between the flange
9a of the extension side member 9 and the floor panel
8. In Fig. 5, each flange 21a of the reinforcement 21 on
each side thereof is pinched between the flange 10a of
the cross member 10 and the floor panel 8.
[0033] In arrangement of the extension side member
9, a required clearance is defined between the top wall
21b of the reinforcement 21 and the top wall 9b of the
extension side member 9. Additionally, a required clear-
ance is defined between each side wall 9c of the exten-
sion side member 9 and each side wall 21c of the rein-
forcement 21. Also in arrangement of the cross member
10, a required clearance is defined between the top wall
21b of the reinforcement 21 and the top wall 9b of the
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extension side member 9. Additionally, a required clear-
ance is defined between each side wall 9c of the exten-
sion side member 9 and each side wall 21c of the rein-
forcement 21.
[0034] As the mechanism 15 for making a "buckling-
mode" waveform SB of the reinforcement 21 a reversed
phase of each "buckling-mode" waveform SA of the ex-
tension side member 9 and the cross member 10, there
are formed a plurality of beads 22 on the top wall 21b of
the reinforcement 21. Each bead 22 is shaped to have
a triangular section. The so-formed beads 22 are juxta-
posed on the top wall 21b along the longitudinal direc-
tion of the reinforcement 21.
[0035] Similarly to the beads 16 of the reinforcement
14, each bead 22 is formed so as to straddle ridgelines
between the top wall 21b and the side walls 21c on both
sides of the reinforcement 21.
[0036] Corresponding to a division of the front pillar 3
into a pillar upper piece and a pillar lower piece, the re-
inforcement 14 is also divided into a lower reinforcement
part 14FP1 and an upper reinforcement part 14FP2, as
shown in Fig. 6. In assembling, the reinforcement parts
14FP1, 14FP2 forming the front pillar 3 and the reinforce-
ment 14RS forming the roof side rail 6 may be connect-
ed with each other in succession. Alternatively, the re-
inforcement parts 14FP1, 14FP2 and the reinforcement
14RS may be discontinuously arranged without con-
necting their ends with each other.
[0037] As for the connection between the center pillar
4 and the roof side rail 6, as shown in Fig. 7, the top end
of the reinforcement 14CP of the center pillar 4 is fitted
and welded to the periphery of the reinforcement 14RS
of the roof side rail 6. Similarly, as for the connection
between the center pillar 4 and the side sill 7, the lower
end of the reinforcement 14CP of the center pillar 4 is
fitted and welded to the periphery of the reinforcement
19 of the side sill 7.
[0038] Further, the reinforcement 14 of the roof side
rail 6 is also divided into a front reinforcement part
14RS1 and a rear reinforcement part 14RF2. In assem-
bling, as shown in Fig. 8, the reinforcement parts 14
RS1, 14RF2 may be connected with each other through
their ends, in succession. Alternatively, the reinforce-
ment parts 14 RS1, 14RF2 may be discontinuously ar-
ranged without connecting their ends with each other.
Additionally, the rear reinforcement part 14RF2 and the
reinforcement 14RP of the rear pillar 5 may be connect-
ed with each other through their ends continuously, as
shown in Fig. 9. Alternatively, the reinforcement part
14RF2 and the reinforcement 14RP may be discontinu-
ously arranged without connecting their ends with each
other.
[0039] According to the embodiment, when the
above-mentioned framework member (e.g. the body
frame 2, the center pillar 4, the rear pillar 5, the roof side
rail 6, the side sill 7, the extension side member 9, the
cross member 10, etc.) is buckled like bellows in the lon-
gitudinal direction by an axial collision load applied ther-

eon, the double wall structure in the framework member
changes from a parallel condition of Fig. 10 to a de-
formed condition of Fig. 11. That is, owing to the provi-
sion of the mechanism 15, the outer wall member (13,
18, 9, 10) is deformed with the buckling-mode waveform
SA in the form of bellows, while the inner wall member
(14, 19, 21) is deformed with the buckling-mode wave-
form SB having a reversed phase of the waveform SA.
Consequently, both of the inner and outer wall members
come into intensive contact with each other at respec-
tive peaks of the waveform SB and respective troughs
of the waveform SA.
[0040] Fig. 13 shows a comparison of the above de-
formation with the deformation with a buckling-mode
waveform in synchronous phase of Fig. 12. According
to the embodiment, as shown with a line a of Fig. 13,
the above structure enabling a deformation in reversed
phase (antiphase) allows a contact force (resistance
force) to be remarkably enhanced in comparison with
the conventional structure where the members 13, 14
are deformed in synchronous phase (see line b of Fig.
13).
[0041] Fig. 14 is a comparative graph of reaction force
(strength) between the deformation in reversed phase
(line a) and the "synchronous" deformation in phase
(line b). According to the embodiment, the deformation
in reversed phase allows a reaction force of the frame-
work members to be increased thereby restricting its de-
formation. Additionally, as shown with lines a (reversed
phase) and b (synchronous phase) in a comparative
graph of energy consumption of Fig. 15, it is possible to
increase an energy consumption by allowing the oppos-
ing members to be deformed in revered phase.
[0042] Thus, it is possible to enhance the reinforcing
effect of a framework member without increasing plate
thicknesses of the wall members forming the framework
member, thereby improving the structure's performance
against a collision.
[0043] Again, since the mechanism 15 for making the
above buckling-mode waveform a reversed phase is
formed by the beads 16, 20 or 22 in the reinforcements
14, 18 or 21 inside the double wall structure in the
above-mentioned embodiment, it is possible to obtain
the above-mentioned buckling-mode waveform SB by
adjusting a pitch (interval) of the beads suitably.
[0044] In the above-mentioned embodiment, the
beads 16, 22 are formed on the top walls 14b, 21b of
the reinforcements 14, 21, respectively. In the modifica-
tions, the beads may be formed in the other part of the
reinforcement.

(1st. Modification)

[0045] Fig. 16 shows the first modification of the first
embodiment. In this modification, as representatively il-
lustrated by the cross member 10 of the figure, the
beads 22 are formed on the side walls 21c on both sides
of the top wall 21b of the reinforcement 21.
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(2nd. Modification)

[0046] Fig. 17 shows the second modification of the
first embodiment. In the second modification, the top
wall 21b of the reinforcement 21 has embossed parts
23 formed to project inward, in place of the beads 22 in
both of the first embodiment and the first modification.
[0047] Each embossed part 23 is in the form of a long
oval having a long axis in the width direction of the top
wall 21b.
[0048] Therefore, according to the second modifica-
tion, since the embossed parts 23 become inducing
points of buckling as well as the above-mentioned
beads 20, it is possible to accomplish the buckling de-
formation of the reinforcement 21 neatly, thereby taking
effect similar to that of the first embodiment and the first
modification.

(3rd. Modification)

[0049] Fig. 18 shows the third modification of the first
embodiment. In the third modification, the top wall 21b
of the reinforcement 21 is shaped just like a smooth
wave succeeding in the longitudinal direction, providing
the mechanism 15 for making the buckling-mode wave-
form of the reinforcement 21 a reversed phase of the
buckling-mode waveform of the cross member 10.
[0050] Peaks and troughs forming the above wave of
the top wall 21b are formed so as to oppose troughs and
peaks in the buckling-mode waveform of the cross
member 10, respectively.
[0051] Thus, according to the third modification, it is
possible to neatly accomplish a bellows-shaped buck-
ling deformation of the reinforcement 21 due to "peaks"
and "troughs" in the waveform of the top wall 21b, al-
lowing a deformation in the buckling-mode waveform
SB having a reversed phase of the buckling-mode
waveform SA of the cross member 10.
[0052] Throughout one embodiment and three modi-
fications mentioned above, if making the inside rein-
forcement 14 (19, 21) equal to or different from the out-
side wall member 13 (18, 9, 10) in terms of its plate thick-
ness and structure, it is possible to control timing of the
beginnings of both buckling deformations each having
a reversed phase to each other and also possible to con-
trol a contact force (resistance force) etc., easily.

(4th. Modification)

[0053] Fig. 19 shows the fourth modification similar to
the third modification of the first embodiment. In the
fourth modification, respective peak portions in the wave
on the top wall 21b of the reinforcement 21 are formed
as thick-walled parts each having a large thickness,
while trough portions are formed as thin-walled parts
each having a small thickness.
The thick-walled parts and the thin-walled parts are ar-
ranged alternately in the longitudinal direction of the re-

inforcement 21.
[0054] According to the fourth modification mentioned
above, since the bellows-shaped buckling deformation
of the reinforcement 21 is induced at respective troughs
of the thin-walled parts as the starting points of defor-
mation, it is possible to perform the deformation in the
buckling-mode waveform SB more neatly. Further, since
the thick-walled peak portions of the reinforcement 21
come into intensive contact with respective "trough" por-
tions in the buckling-waveform of the outside wall mem-
ber (i.e. the cross member 10), it is possible to enhance
a resistance force of the whole assembly of the cross
member 10 and the reinforcement 21.
[0055] Further, in common with the first embodiment
(incl. four modifications), since the reinforcement (14,
19, 22) is provided with the mechanism 15 for making
one buckling-mode waveform a reversed phase of the
other buckling-mode waveform, there is no possibility of
affecting the outer appearance of the assembly of two
wall members.

[2nd. Embodiment]

[0056] Figs. 20 to 25 show the second embodiment
where the reinforcing structure of the present invention
is applied to the side member extension (or extension
side member) 9 extending on each side of the vehicle.
[0057] Fig. 20 is a perspective view of the arrange-
ment of the side member extension 9, also viewed from
the underside of the vehicle floor.
[0058] The front side member 11 has its rear end abut-
ting against and joined to an inclined toe-board face of
a dash panel 24 separating the front compartment FC
(Fig. 1) from the cabin C.
[0059] The side member extension 9 is connected
with the rear end of the front side member 11 to extend
from the inclined face of the dash panel 24 along the
underface of the floor panel 8 in the fore-and-aft direc-
tion of the vehicle. The rear end of the side member ex-
tension 9 is arranged to abut against a rear sheet cross
member 100 (Fig. 24) welded to the underface of the
floor panel 8 in the width direction of the vehicle. The
rear end of the side member extension 9 is joined to the
rear sheet cross member 100.
[0060] At the center part of the floor panel 8, the side
member extension 9 also intersects with a floor cross
member 110 welded to the underface of the floor panel
8 in the width direction of the vehicle.
[0061] The side member extension 9 includes an out-
er member 91 forming a hollow (closed) section together
with the panels 24, 8 thereby forming a shell of the side
member extension 9 and a reinforcement 92 arranged
in the outer member 91 to extend in the longitudinal di-
rection of the outer member 91.
[0062] The outer member 91 is formed to have a sub-
stantial hat-shaped section. The front end of the outer
member 91 is fitted to the rear end of the front side mem-
ber 11 from its outside. The outer member 91 is welded
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to the inclined face of the dash panel 24 and the under-
face of the floor panel 8 through flanges 91a.
[0063] The reinforcement 92 is formed to have a sub-
stantial hat-shaped section smaller than that of the outer
member 91, as shown in Figs. 21 to 23. Independently
of the outer member 91, the reinforcement 92 is welded
to the panels 24, 8 through flanges 92a, forming a hollow
(closed) section together with the panels 24, 8.
[0064] According to the embodiment, it is established
that an amplitude of a "buckling-mode" waveform of the
reinforcement 92 becomes smaller than an amplitude of
a "buckling-mode" waveform of the outer member 91.
[0065] As shown in Fig. 26, if the reinforcement 92
having a small deformation amplitude and the outer
member 91 having a large deformation amplitude are
subjected to buckling at the same strokes, the outer
member 91 becomes easier to be collapsed (folded)
than the reinforcement 92, due to rapid progress in
buckling deformation of the member 91.
[0066] Therefore, by combining the outer member 91
with the reinforcement 92, it allows the collapse (folding)
of the outer member 91 to be restricted, whereby a sta-
ble buckling-mode can be expected for the side member
extension 9.
[0067] In detail, as shown in Fig. 27, if the buckling-
mode waveform SA of the outer member 91 having a
large amplitude is combined with the buckling-mode
waveform SB of the reinforcement 92 having a small
amplitude, the waveforms SA and SB interference with
each other at each node, so that a resultant (composite)
waveform of the waveforms SA and SB, namely, a buck-
ling-mode waveform of the whole side member exten-
sion 9 is modified to reduce its amplitude, as shown with
a solid line of Fig. 28. Noted that a broken line of Fig. 28
denotes a resultant waveform in case of the waveforms
SA and SB of the same amplitude.
[0068] According to the embodiment, the reinforce-
ment 92 is provided with a buckling delay mechanism
120 which delays a time of starting the buckling of the
reinforcement 92 against a time of starting the buckling
of the outer member 91 in order to make the amplitude
of the buckling-mode waveform of the reinforcement 92
smaller than the amplitude of the buckling-mode wave-
form of the outer member 91.
[0069] As shown in Figs. 21 and 22, the buckling delay
mechanism 120 is formed by a plurality of folding-induc-
ing beads 121 of the reinforcement 92, as weakened
parts. On a top wall 92b of the reinforcement 92, these
beads 121 are formed in the vicinity of a bending base
A of the reinforcement's front part which is bent along
the inclined face of the dash panel 24.
[0070] Figs. 24 and 25 illustrate the operation of the
side member extension 9 when it is subjected to an ex-
ternal force (collision load) F by a vehicle front collision.
[0071] When the collision load F is exerted to the front
end of the front side member 11 due to the vehicle col-
lision, the collision load F is transmitted to the side mem-
ber extension 9 in the axial direction.

[0072] In process of transmitting the collision load F
to a reaction-force bearing point B where the side mem-
ber extension 9 abuts against the rear sheet cross mem-
ber 100, the reinforcement 92 is folded with the beads
121 as the starting point of deformation. That is, the col-
lision load is transmitted to the reaction-force bearing
point B through the reinforcement 92 after a delay of
time t since the collision load has been transmitted to
the same point B through the outer member 91.
[0073] Therefore, the progress of amplitude of the
buckling-mode waveform SB of the reinforcement 92 is
restricted, so that an amplitude of the buckling-mode
waveform SB of the reinforcement 92 becomes smaller
than an amplitude of the buckling-mode waveform SA
of the outer member 91, as shown in Fig. 27.
[0074] While, due to the axial input of the collision load
F on the front end of the front side member 11, the front
end of the side member extension 9 has a tendency to
be collapsed backward with the base point A as a bear-
ing point, as shown in Fig. 25. Below the vehicle floor
and between the base point A and the reaction-force
bearing point B, the side member extension 9 is buckled
in a substantial S-shaped manner in side view, with
these points A, B and also a joint point C with the floor
cross member 110 as respective bearing points.
[0075] Then, since it is established by the buckling de-
lay mechanism 120 that the amplitude of the buckling-
mode waveform of the reinforcement 92 becomes
smaller than the amplitude of the buckling-mode wave-
form of the outer member 91, there is produced, be-
tween the point B and the point C, an interference of
respective nodes of the buckling-mode waveforms SA
and SB, so that the upward deformation of the outer
member 91 is restricted by its interference with the re-
inforcement 92.
[0076] According to the embodiment, owing to a re-
sistance force produced by the mutual interference be-
tween the outer member 91 and the reinforcement 92,
it is possible to allow them to share the collision load
thereby dispersing the deformation to the whole side
member extension 9 while restricting the growth of a lo-
cal deformation between the point B and the point C,
whereby a reaction force against collapse can be en-
hanced to increase the energy consumption of the rein-
forcing structure.
[0077] Accordingly, without increasing the sizes of the
outer member 91 and the reinforcement 92 or adding a
reinforcement member, the reinforcing effect in the side
member extension 9 is enhanced to improve the per-
formance against the collision.
[0078] Additionally, since the upward deformation of
the side member extension 9 is restricted between the
point B and the point C, it is possible to maintain high
rigidity of a seat attachment established in the same ar-
ea, whereby the stability of a seat can be enhanced.
[0079] Again noted, according to the second embod-
iment, the buckling delay mechanism 120 which delays
a time of starting the buckling of the reinforcement 92
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for a predetermined period (t) against a time of starting
the buckling of the outer member 91 allows the ampli-
tude of the buckling-mode waveform of the reinforce-
ment 92 to be smaller than the amplitude of the buckling-
mode waveform of the outer member 91. Therefore, ow-
ing to the provision of a weakened part, for example, the
folding-inducing beads 121 in this case, at a predeter-
mined position of the reinforcement 92, it is possible to
enhance the reinforcing effect of the side member ex-
tension 9.

(1st. Modification)

[0080] Fig. 29 shows the first modification of the sec-
ond embodiment. In this modification, the top wall 92b
of the reinforcement 92 is shaped just like a smooth
wave succeeding in the longitudinal direction, providing
the buckling delay mechanism 120.
[0081] In operation, on receipt of an external force due
to a collision etc., the reinforcement 92 is folded with
respective troughs in the above wave on the top wall
92b as the starting point of deformation. Consequently,
as similar to the second embodiment mentioned above,
the time of starting the buckling of the reinforcement 92
is delayed for a predetermined period (t) in comparison
with the time of starting the buckling of the outer member
91. Further, different from the folding-inducing beads
121, it is possible to prevent an occurrence of cracks in
the reinforcement 92 due to concentration of local stress
thereon, ensuring the reinforcing effect of the reinforce-
ment 92 itself.

(2nd. Modification)

[0082] Fig. 30 shows the second modification of the
second embodiment. In the second modification, re-
spective peak portions in the wave on the top wall 92b
of the reinforcement 92 are formed as thick-walled parts
each having a large thickness, while trough portions are
formed as thin-walled parts each having a small thick-
ness. The thick-walled parts and the thin-walled parts
are arranged alternately in the longitudinal direction of
the reinforcement 92, providing the buckling delay
mechanism 120.
[0083] According to the second modification, by the
input of an external load in the axial direction of the side
member extension 9, the reinforcement 92 is folded at
respective troughs of the thin-walled parts as the start-
ing points of deformation. Consequently, as similar to
the second embodiment mentioned above, the time of
starting the buckling of the reinforcement 92 is delayed
in comparison with the time of starting the buckling of
the outer member 91. In process of the progress of fold-
ing, the intensive contact of respective "peaks" of the
thick-walled parts of the reinforcement 92 with the outer
member 91 allows a resistance force (contact force) to
be enhanced.

(3rd. Modification)

[0084] Figs. 31 and 32 show the third modification of
the second embodiment. In the third modification, the
position of a front end of the side member extension 9
is established to be in the vicinity of the above point A
(see Fig. 25). Further, the buckling delay mechanism
120 is formed by a clearance S defined between the
front end of the reinforcement 92 and the outer member
91, in the direction of a load being inputted (i.e. axial
direction).
[0085] In the closed section of the outer member 91,
a bulkhead 122 is fixed to the outer member 91 so as to
oppose the front end of the reinforcement 92 through
the above clearance S. In operation, when the outer
member 91 is buckled in the axial direction with a dis-
placement of the clearance S, the bulkhead 122 comes
into pressure contact with the front end of the reinforce-
ment 92, thereby transmitting an axial load in the axial
direction to it.
[0086] The outer member 91 has guide grooves 91c
formed inside respective sidewalls of the member 91,
while the reinforcement 92 has guide pins 92c formed
to project from respective sidewalls of the reinforcement
92, for engagement with the guide grooves 91c. The
guide grooves 91c and the guide pins 92c allow of a suit-
able contact between the bulkhead 122 and the front
end of the reinforcement 92.
[0087] Accordingly, when a collision load F of a front
collision is transmitted to the outer member 91 of the
side member extension 9 through the front side member
11 immediately and when the outer member 91 is de-
formed in the axial direction by the clearance S, the bulk-
head 122 comes into pressure contact with the front end
of the reinforcement 92 thereby transmitting the axial
load to the reinforcement 92.
[0088] That is, the axial load is transmitted to the re-
inforcement 92 with a delay of a predetermined period
(t) required for the outer member 91 to be deformed by
the clearance S. In this way, it is possible to restrict the
growth of an amplitude of the buckling-mode waveform
of the reinforcement 92 against the outer member 91,
whereby the small amplitude of the deformation of the
reinforcement 92 can be realized to take the similar ef-
fect to the second embodiment mentioned before.
[0089] Especially, with the adoption of the clearance
S as the buckling delay mechanism 120, the timing of
transmitting a load could be controlled easily by suitable
establishment of the clearance S.

(4th. Modification)

[0090] Figs. 33 and 34 show the fourth modification
of the second embodiment. In this modification, the
buckling delay mechanism 120 in the third modification
position is embodied in the side sill 7.
[0091] The side sill 7 includes an outer member 71
having a hollow (closed) section to form a shell of the
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side sill 7 and a reinforcement 72 arranged in the outer
member 71 to extend in the longitudinal direction of the
outer member 71.
[0092] As shown in Fig. 33, the reinforcement 72 has
its front end welded to an end plate 71a for closing the
front end of the outer member 71. Inside the outer mem-
ber 71, the bulkhead 122 for clogging its closed section
is arranged and welded to the inner wall of the member
71 so as to leave a clearance S against the rear end of
the reinforcement 72, providing the buckling delay
mechanism 120.
[0093] In operation, the outer member 71 begins to
be deformed in the axial direction as soon as a collision
load F has been exerted to the front end of the outer
member 71 by a vehicle front collision. When the outer
member 71 is deformed by the clearance S, the rear end
of the reinforcement 72 comes into pressure contact
with the bulkhead 122. Thus, the axial load is transmit-
ted to the reinforcement 72 with a delay of a predeter-
mined period (t), thereby starting the axial buckling of
the reinforcement 72.
[0094] In this way, it is possible to restrict the growth
of an amplitude of the buckling-mode waveform of the
reinforcement 72 against the outer member 71, whereby
the small amplitude of the deformation of the reinforce-
ment 72 can be realized to obtain the waveform char-
acteristics similar to those of Figs. 27 and 28.
[0095] As a result, there is produced interference of
nodes in the buckling-waveforms between the outer
member 71 and the reinforcement 72 throughout the
side sill 7, so that the growth of local deformation of the
outer member 71 is restricted to avoid the folding of the
side sill 7. Additionally, a resistance force is increased
by the mutual interference between the outer member
71 and the reinforcement 72 thereby enhancing a reac-
tion force against collapse.

(5th. Modification)

[0096] In the above-mentioned fourth modification of
the second embodiment, the clearance S is defined be-
tween the rear end of the reinforcement 72 and the bulk-
head 122. Fig. 35 shows one modification of the fourth
modification, providing the fifth modification of the sec-
ond embodiment.
[0097] According to this modification, the reinforce-
ment 72 has its rear end welded to the bulkhead 122 so
as to define a clearance S between the end plate 71a
and the front end of the reinforcement 72, providing the
buckling delay mechanism 120.
[0098] The operation and effects of the above ar-
rangement are similar to those of the fourth modification
of the second embodiment.

(6th. Modification)

[0099] Figs. 36 and 37 show the sixth modification of
the second embodiment. In this modification, the buck-

ling delay mechanism 120 in the fourth modification po-
sition is embodied in the front side member 11.
[0100] The front side member 11 includes an outer
member 111 having a hollow (closed) section and a re-
inforcement 112 arranged in the outer member 111 to
extend in the longitudinal direction of the outer member
111.
[0101] The reinforcement 112 has its front end welded
to an end plate 111a for closing the front end of the outer
member 111. Inside the outer member 111, the bulkhead
122 is arranged and welded to the inner wall of the mem-
ber 111 so as to leave a clearance S against the rear
end of the reinforcement 112, providing the buckling de-
lay mechanism 120.
[0102] The operation and effects of the above ar-
rangement are similar to those of the fourth modification
and the fifth modification relating to the side sill 7.

(7th. Modification)

[0103] In one modification of the sixth modification,
Fig. 38 shows the seventh modification of the second
embodiment.
[0104] According to this modification, the reinforce-
ment 112 has its rear end welded to the bulkhead 122
so as to define a clearance S between the end plate 111a
and the front end of the reinforcement 112, providing the
buckling delay mechanism 120.
[0105] The operation and effects of the above ar-
rangement are similar to those of the fourth modification
of the second embodiment.

(8th. Modification)

[0106] Figs. 39 to 41 show the eighth modification
where the buckling delay mechanism 120 in the fourth
modification is applied to the center pillar 4.
[0107] The center pillar 4 includes an outer member
41 having a hollow (closed) section to form a shell of the
pillar 4 and a reinforcement 42 arranged in the outer
member 41 to extend in the longitudinal direction of the
outer member 41. The outer member 41 is formed by
an outer panel 41A and an inner panel 41B, providing
the closed section. The reinforcement 42 is formed to
have a substantial hat-shaped section smaller than that
of the outer panel 41B and welded to the inner panel
41A independently of the outer panel 41B to form a
closed section.
[0108] It is established that a top end of the reinforce-
ment 42 is lower than the top end of the outer member
41. The bulkhead 122 is accommodated in the upper
end of the outer member 41. The bulkhead 122 is se-
cured to the outer member 41 to transmit a collision load
F from its upside to the reinforcement 42.
[0109] Provided between the lower end of the bulk-
head 122 and the upper end of the reinforcement 42 is
a clearance S which forms the buckling delay mecha-
nism 120 in this modification.
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[0110] In operation, the outer member 41 begins to
be deformed in the axial direction as soon as a collision
load F (see Fig. 41) has been exerted to the front end
of the outer member 41 from its upside. When the outer
member 41 is deformed by the clearance S, the lower
end of the bulkhead 122 comes into pressure contact
with the top of the reinforcement 42. Thus, the axial load
is transmitted to the reinforcement 42 with a delay of a
predetermined period (t), thereby starting the axial buck-
ling of the reinforcement 42.
[0111] In this way, it is possible to restrict the growth
of an amplitude of the buckling-mode waveform of the
reinforcement 42 against the outer member 41, whereby
the small amplitude of the deformation of the reinforce-
ment 42 can be realized to obtain the waveform char-
acteristics similar to those of Figs. 27 and 28.
[0112] As a result, there is produced interference of
nodes in the buckling-waveforms between the outer
member 41 and the reinforcement 42 throughout the
center pillar 4, so that the growth of local deformation of
the outer member 41 is restricted to avoid the folding of
the center pillar 4. Additionally, a resistance force is in-
creased by the mutual interference between the outer
member 41 and the reinforcement 42 thereby enhanc-
ing a reaction force against collapse.

(9th. Modification)

[0113] Figs. 42A and 42B show the ninth modification
where the second embodiment is applied to the side
member extension. This modification resembles the
second embodiment of Figs. 20 and 23 in that the side
member extension is formed by the outer member 91
and the reinforcement 92.
[0114] According to this modification, the reinforce-
ment 92 is provided with a buckling restricting mecha-
nism 130 which serves to restrict the buckling deforma-
tion of the reinforcement 92 in order to make an ampli-
tude of the buckling-mode waveform of the reinforce-
ment 92 smaller than an amplitude of the buckling-mode
waveform of the outer member 91.
[0115] As shown in Fig. 42B, the buckling restricting
mechanism 130 is formed by a plurality of axial beads
131 on the top wall 92B of the reinforcement 92. These
axial beads 131 are formed over the whole length of a
horizontal part of the reinforcement 92 along a vehicle
floor face, at regular intervals in the longitudinal direc-
tion.
[0116] As shown in Fig. 42A, when the horizontal part
of the outer member 91 along the vehicle floor face has
an axial buckling-mode waveform SA established at a
required "waveform" pitch in the longitudinal direction of
the member 91 while setting the front end of the hori-
zontal part as a node of waveform, the axial beads 131
are formed in respective areas corresponding to respec-
tive antinodes of the buckling-mode waveform SA of the
outer member 91, with a predetermined length L each.
[0117] Further, the reinforcement 92 is provided, on

the top wall 92b, with a plurality of lateral beads 132
each of which is interposed between the adjoining axial
beads 131, 131 to extend in a direction perpendicular to
the axial bead 131. In other words, each lateral bead
132 is formed in a position corresponding to each node
of the buckling-mode waveform SA of the outer member
91.
[0118] In operation, when an axial load is applied on
the side member extension 9 by a vehicle front collision,
the above horizontal part of the outer member 91 is
buckled in a wavy manner with the buckling-mode wave-
form SA.
[0119] On the other hand, the horizontal part of the
reinforcement 92 is also buckled, from its front end in
the axial direction, in the form of a wave in substantial
synchronization with the outer member 91 and also in
the same pitch as the outer member's pitch. Neverthe-
less, in the reinforcement's portion corresponding to
each antinode of the waveform of the outer member 91,
curve-shaped buckling is restricted by the axial bead
131 on the top wall 92b. In the buckling-mode waveform
SB of the whole reinforcement 92 in the longitudinal di-
rection, as shown in Fig. 42B, the growth of an amplitude
of the waveform is restricted to reduce an amplitude of
deformation, thereby accomplishing the waveform char-
acteristics similar to those of Figs. 27 and 28.
[0120] As a result, there is produced interference of
nodes in the buckling-waveforms between the outer
member 91 and the reinforcement 92, so that the growth
of local deformation of the outer member 91 is restricted
to avoid the folding of the side member extension 9. Ad-
ditionally, the mutual interference between the outer
member 91 and the reinforcement 92 allows a resist-
ance force to be increased to enhance a reaction force
against collapse.
[0121] According to this modification, owing to the
provision of the lateral beads 132 each interposed be-
tween the axial beads 131, 131 adjoining in front and
behind, it is possible to accelerate the buckling of the
reinforcement 92 at the lateral beads 132 as the starting
points of deformation. Thus, it is possible to control the
buckling of the reinforcement at the same "buckling"
pitch as that of the outer member 91.

(10th., 11th., and 12th. Modifications)

[0122] In the previously-mentioned modification, the
buckling restricting mechanism 130 is applied to the re-
inforcement 92 of the side member extension 9. In the
modifications, the buckling restricting mechanism 130
is applicable to various framework members. Fig. 43
shows the tenth modification of the second embodiment
where the buckling restricting mechanism 130 is applied
to the reinforcement 42 of the center pillar 4. Fig. 44
shows the eleventh modification of the second embod-
iment where the buckling restricting mechanism 130 is
applied to the reinforcement 72 of the side sill 7. Fig. 45
shows the twelfth modification of the second embodi-
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ment where the buckling restricting mechanism 130 is
applied to the reinforcement 112 of the front side mem-
ber 11.
[0123] The operation and effects of the above modifi-
cations are similar to those of the ninth modification of
the second embodiment.

[3rd. Embodiment]

[0124] Figs. 46 to 51 show the third embodiment of
the present invention. In this embodiment, the reinforc-
ing structure of the invention is applied to the side sills
on both sides of the vehicle. Fig. 46 is a perspective view
of the side sill 7 on one side of the vehicle.
[0125] As mentioned before, the side sill 7 includes
the outer member 71 having a hollow (closed) section
to form a shell of the side sill 7 and the reinforcement
72 having a hollow (closed) section smaller than that of
the outer member 71 and arranged in the outer member
71 to extend in the longitudinal direction of the outer
member 71. The outer member 71 has its front end
joined to the lower end of the front pillar 3 and the rear
end joined to the lower end of the rear pillar 5.
[0126] According to the third embodiment, as shown
in Fig. 49, it is established that an amplitude of a "buck-
ling-mode" waveform SB of the reinforcement 72 be-
comes larger than an amplitude of a "buckling-mode"
waveform SA of the outer member 71.
[0127] As shown in Fig. 52, if the reinforcement 72
having a large deformation amplitude and the outer
member 71 having a small deformation amplitude are
subjected to buckling at the same strokes, the reinforce-
ment 72 becomes easier to be collapsed (folded) than
the outer member 71, due to rapid progress in buckling
deformation of the reinforcement 72.
[0128] Therefore, by combining the reinforcement 72
with the outer member 71, it allows the collapse (folding)
of the reinforcement 72 to be restricted, whereby a sta-
ble buckling-mode can be expected for the side sill 7.
[0129] In detail, as shown in Fig. 53, if the buckling-
mode waveform SA of the outer member 71 having a
small amplitude is combined with the buckling-mode
waveform SB of the reinforcement 72 having a large am-
plitude, the waveforms SA and SB interference with
each other at each antinode, so that a resultant (com-
posite) waveform of the waveforms SA and SB, namely,
a buckling-mode waveform of the whole side sill 7 is
modified to reduce its amplitude, as shown with a solid
line of Fig. 54. Noted that a broken line of Fig. 54 denotes
a resultant waveform in case of the waveforms SA and
SB of the same amplitude.
[0130] According to the embodiment, the reinforce-
ment 72 is provided with a buckling accelerating mech-
anism 140 which accelerates a time of starting the buck-
ling of the reinforcement 72 against a time of starting the
buckling of the outer member 71 in order to make the
amplitude of the buckling-mode waveform of the rein-
forcement 72 larger than the amplitude of the buckling-

mode waveform of the outer member 71.
[0131] As shown in Figs. 47 and 49, it is established
that a position P1 of load-input point for the reinforce-
ment 72 exists ahead of a position P2 of load-input point
for the outer member 71 in a direction of a load being
inputted to the reinforcing structure. The buckling accel-
erating mechanism 140 is formed by the establishment
of a predetermined clearance S between the position P1
and the position P2.
[0132] In detail, as shown in Fig. 47, the reinforcement
72 has its rear end fixed to the bulkhead 122 welded to
the outer member 71 and the front end arranged to
project from the front end of the outer member 71 for-
ward.
[0133] Further, an end plate 72a is welded to the front
end of the reinforcement 72 to block up its closed sec-
tion.
[0134] The end plate 72a is in the form of a cap that
covers the front end of the outer member 71. In order to
allow axial movements mutually, the end plate 72a and
the outer member 71 are not welded to each other. In
this way, the front face of the end plate 72a provides the
position P1 of load-input point for the reinforcement 72,
while the front end of the outer member 71 provides the
position P2 of load-input point for the outer member 71.
Further, the predetermined clearance S is established
between the position P1 and the position P2.
[0135] Depending on the circumstances, the rein-
forcement 72 may be divided, at its part intersecting the
center pillar 4, into two pieces in front and behind. In
connection, the above bulkhead 122 may be replaced
by part of a later-mentioned reinforcement 42 (Fig. 59)
in the center pillar 4, the reinforcement's part projecting
into the side sill 7. In this case, the rear end of the rein-
forcement 71 is welded to the projecting lower end of
the reinforcement 42 in the center pillar 4.
[0136] Figs. 49 and 50 show the operation of the
above-constructed side sill 7 when it is subjected to an
external force F by a vehicle front collision.
[0137] With the vehicle front collision, a front wheel
FW is moved back to collide with the front end of the
side sill 7, so that a collision load (external force) F is
applied on the side sill 7 in the axial direction.
[0138] Then, owing to the above-mentioned arrange-
ment of the reinforcement 72 and the outer member 71
both forming the side sill 7, the front wheel FW collides
with the front end of the reinforcement 72 at first. In this
way, a period of starting the buckling of the reinforce-
ment 72 is advanced in comparison with that of the outer
member 71.
[0139] Therefore, the growth of an amplitude of wave-
form is promoted in the buckling-mode waveform SB of
the reinforcement 72. Thus, the amplitude of the wave-
form SB is increased, as shown in Fig. 53.
[0140] When the reinforcement 72 is buckled by the
above clearance S, the end plate 72a collides with the
front end of the outer member 71. That is, with a delay
time (t) necessary for the reinforcement 72 to be buckled
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by the clearance S, the collision load F is inputted to the
outer member 71 in the axial direction. Due to this delay
time (t), the growth of an amplitude of deformation of the
outer member 71 is restricted against the reinforcement
72. As shown in Fig. 53, the outer member 71 is de-
formed with a buckling-mode waveform SA whose am-
plitude is smaller than the amplitude of the reinforce-
ment 72.
[0141] Consequently, as shown in Fig. 50, respective
antinodes of the waveform of the reinforcement 72 hav-
ing a large amplitude interfere with respective antinodes
of the waveform of the outer member 71 having a small
amplitude along the longitudinal direction of the side sill
7. A resistance force by the above interference operates
to restrict the growth of a local deformation on the rein-
forcement 72. Not only the reinforcement 72, but also
the growth of a local deformation on the side sill 7 is
restricted to avoid its folding. Thus, the collision load F
is shared between the reinforcement 72 and the outer
member 71 to disperse a deformation into the whole
side sill 7. Additionally, with the increase of resistance
force due to the above mutual interference, a reaction
force against collapse can be enhanced to increase an
energy consumption of the side sill 7.
[0142] At an oblique collision in front, if the front wheel
FW collides with the side sill 7 from its oblique outside
as shown in Fig. 51, then a collision load F is applied on
the side sill 7 obliquely. As a result, the side sill 7 is
curved inward in plan view. Similarly in this case, since
a resistance force is increased by the above interfer-
ence among antinodes of the waveforms of the rein-
forcement 72 and the outer member 71, it is possible to
restrict an inward deformation of the side sill 7.
[0143] Therefore, without either increasing the plate-
thicknesses of the reinforcement 72 and the outer mem-
ber 71 or installing more reinforcement, the reinforcing
effect for the side sill 7 can be enhanced to improve the
sill's performance against collision.
[0144] According to the third embodiment of the in-
vention, the buckling accelerating mechanism 140 ad-
vances the time of starting the buckling of the reinforce-
ment 72 by the predetermined time (t) in comparison
with the time of starting the buckling of the outer member
71 to make the amplitude of the buckling-mode wave-
form of the reinforcement 72 larger than the amplitude
of the buckling-mode waveform of the outer member 71.
Therefore, with the simple structure of the side sill 7, in
other words, the positioning of the load-input points on
the reinforcement 72 and the outer member 71 and the
establishment of the clearance S, it is possible to en-
hance the reinforcing effect against the side sill 7.

[1st. Modification]

[0145] Figs. 55 to 57 show the first modification of the
third embodiment. In the modification, the buckling ac-
celerating mechanism 140 is applied to the front side
member 11.

[0146] The front side member 11 includes the outer
member 111 having a hollow (closed) section and the
reinforcement 112 arranged in the outer member 111 to
extend in the longitudinal direction of the outer member
111.
[0147] The reinforcement 112 has its rear end fixed to
the bulkhead 122 welded to the outer member 111 and
the front end arranged to project from the front end of
the outer member 111 forward.
[0148] Further, the reinforcement 112 has its front end
welded to a cap-shaped end plate 112a. In order to allow
axial movements mutually, the end plate 112a and the
front end of the outer member 111 are not welded to
each other. In this way, the front face of the end plate
112a provides the position P1 of load-input point for the
reinforcement 112, while the front end of the outer mem-
ber 111 provides the position P2 of load-input point for
the outer member 111. Further, a predetermined clear-
ance S is established between the position P1 and the
position P2, thereby forming the buckling accelerating
mechanism 140.
[0149] Consequently, when a collision load F is ap-
plied on the front end of the front side member 11 by a
vehicle front collision, the operation and effect similar to
the third embodiment mentioned above are obtained.

[2nd. Modification]

[0150] Figs. 58 and 59 shows the second modification
of the third embodiment. In the modification, the buck-
ling accelerating mechanism 140 is applied to the center
pillar 4.
[0151] The center pillar 4 includes the outer member
41 having a hollow (closed) section to form a shell of the
pillar 4 and the reinforcement 42 arranged in the outer
member 41 to extend in the longitudinal direction of the
outer member 41. The reinforcement 42 is formed to
have a closed section smaller than that of the outer
member 41.
[0152] The lower end of the reinforcement 42 is con-
nected to the side sill 7, while the upper end of the re-
inforcement 42 is arranged to project into the closed
section of the roof side rail 6 and welded to a bulkhead
142 of T-shaped configuration in side view. Through this
bulkhead 142, the reinforcement 42 is joined to the roof
side rail 6.
[0153] The top end of the bulkhead 142 is arranged
to abut against or approach the upper wall of the roof
side rail 6, so that the top end of the bulkhead 142 pro-
vides the position P1 of load-input point for the reinforce-
ment 42. While, a connection of the front end of the outer
member 41 with the lower wall of the roof side rail 6 pro-
vides the position P2 of load-input point for the outer
member 41. Further, a predetermined clearance S is es-
tablished between the lower end of a shoulder part of
the bulkhead 142 and the position P2, thereby forming
the buckling accelerating mechanism 140.
[0154] According to the second modification, when a
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collision load F is inputted to the roof side rail 6 from its
upside, the collision load F is immediately transmitted
to the reinforcement 42 through the bulkhead 142, so
that the reinforcement 42 begins to be buckled in the
axial direction. When the reinforcement 42 is deformed
by the clearance S, the lower end of the shoulder part
of the bulkhead 122 comes into pressure contact with
the upper end of the outer member 42. Thus, the axial
load is transmitted to the outer member 41 with a delay
of a predetermined period (t), thereby starting the axial
buckling of the outer member 41.
[0155] In this way, it is possible to promote the growth
of an amplitude of the buckling-mode waveform of the
reinforcement 42 against the outer member 41, whereby
the large amplitude of the deformation of the reinforce-
ment 42 can be realized to obtain the waveform char-
acteristics similar to those of Figs. 53 and 54.
[0156] As a result, there is produced interference of
antinodes in the buckling-waveforms between the outer
member 41 and the reinforcement 42 throughout the
center pillar 4, so that the growth of local deformation of
the reinforcement 42 is restricted by a resistance force
due to the above interference. That is, the growth of local
deformation of the center pillar 4 is restricted to avoid
the folding of the center pillar 4 and additionally, the load
F is shared between the reinforcement 42 and the outer
member 41. Consequently, the deformation is dispersed
to the whole center pillar 4. Further, since a resistance
force is increased by the mutual interference, it is pos-
sible to enhance a reaction force against collapse.

(3rd. Modification)

[0157] Figs. 60 to 63 show the third modification of the
third embodiment. In the modification, the buckling ac-
celerating mechanism 140 is applied to the side member
extension 9.
[0158] As mentioned before, the side member exten-
sion 9 is connected to the rear end of the front side mem-
ber 11 (see Fig. 1) joined to the inclined toe-board face
of the dash panel 24. The side member extension 9 is
arranged to extend along the underface of the floor pan-
el 8 in the fore-and-aft direction of the vehicle.
[0159] Beneath the floor panel 8, the side member ex-
tension 9 intersects with the floor cross member 110 at
substantial right angles. The floor cross member 110 is
welded to the underface of the floor panel 8 in the width
direction of the vehicle.
[0160] The side member extension 9 includes the out-
er member 91 forming a hollow (closed) section together
with the panels 24, 8 thereby forming a shell of the side
member extension 9 and the reinforcement 92 arranged
in the outer member 91 to extend in the longitudinal di-
rection of the outer member 91. The outer member 91
is formed to have a substantial hat-shaped section. The
front end of the outer member 91 is fitted to the rear end
of the front side member 11 from its outside. The outer
member 91 is welded to the inclined face of the dash

panel 24 and the underface of the floor panel 8 through
flanges 91a.
[0161] The reinforcement 92 is formed to have a sub-
stantial hat-shaped section smaller than that of the outer
member 91. Independently of the outer member 91, the
reinforcement 92 is welded to the panels 24, 8 through
flanges 92a, forming a hollow (closed) section together
with the panels 24, 8.
[0162] According to the third modification of the third
embodiment, the reinforcement 92 is provided with a de-
formation-mode adjusting mechanism 150 (Fig. 62B)
which makes an amplitude of the buckling-mode wave-
form of the reinforcement 92 larger than an amplitude
of the buckling-mode waveform of the outer member 91.
[0163] This deformation-mode adjusting mechanism
150 is formed by a strength-variable part provided in the
reinforcement 92. This strength-variable part includes a
plurality of weakened parts formed on a horizontal top
wall 92b of the reinforcement 92 along the floor panel 8.
The weakened parts are in the form of beads 151 (151a,
151b) juxtaposed in the fore-and-aft direction of the top
wall 92b.
[0164] Here, as shown in Fig. 62A, it is assumed that
the axial buckling-mode waveform SA of the horizontal
part of the outer member 91 along the vehicle floor face
is established at a required "waveform" pitch in the lon-
gitudinal direction of the member 91 while making the
front end of the horizontal part one node of the wave-
form. Then, the above beads 151 of the reinforcement
92 are formed sideways in respective positions corre-
sponding to respective nodes and antinodes of the
buckling-mode waveform SA.
[0165] In detail, as shown in Fig. 62B, the beads 151
comprise a plurality of beads 151a in the form of dents,
which are arranged in respective positions correspond-
ing to the nodes of the buckling-mode waveform SA, and
a plurality of beads 151b in the form of projections, which
are arranged in respective positions corresponding to
the antinodes of the buckling-mode waveform SA. As a
result, when the horizontal part of the reinforcement 92
is subjected to an axial load through its front end, the
reinforcement 92 is deformed in a buckling-mode wave-
form SB with nodes of the beads 151a in the form of
dents. It is noted that a pitch of the buckling-mode wave-
form SB is identical to the pitch of the buckling-mode
waveform SA b in the buckling-mode waveform SA. Fur-
ther, in the antinodes of the buckling-mode waveform
SB, an outward displacement of the reinforcement 92 is
increased by the beads 151b in the form of projections,
providing the buckling-mode waveform SB having a
large amplitude of deformation.
[0166] In the respective areas corresponding to the
antinodes of the buckling-mode waveform SB, the flang-
es 92a are partially eliminated. That is, only in these ar-
eas, the reinforcement 72 is not welded to the floor panel
8, preventing the flanges 92a from being hindrances to
the outward deformation of the reinforcement 92.
[0167] In operation, when an axial load is applied on
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the side member extension 9 by a vehicle front collision,
the above horizontal part of the outer member 91 is
buckled in a wavy manner with the buckling-mode wave-
form SA.
[0168] On the other hand, the horizontal part of the
reinforcement 92 is also buckled, from its front end in
the axial direction, in the form of a wave in substantial
synchronization with the outer member 91 and also in
the same pitch as the outer member's pitch. Neverthe-
less, in the reinforcement's portion corresponding to
each antinode of the waveform of the outer member 91,
a curve-shaped buckling is promoted by the projecting
bead 151b on the top wall 92b. In the buckling-mode
waveform SB of the whole reinforcement 92 in the lon-
gitudinal direction, as shown in Fig. 62B, the growth of
an amplitude of the waveform is progressed to increase
an amplitude of deformation, thereby accomplishing the
waveform characteristics similar to those of Figs. 53 and
54.
[0169] As a result, the antinodes in the buckling-
waveform of the outer member 91 interfere with the an-
tinodes in the buckling-waveform of the reinforcement
92, so that a resulting resistance force operates to re-
strict the growth of local deformation of the reinforce-
ment 92 to avoid the folding of the side member exten-
sion 9. Additionally, the collision load F is shared be-
tween the reinforcement 92 and the outer member 91
to allow a deformation to be dispersed to the whole side
member extension 9. Additionally. owing to the increas-
ing of the resistance force resulting from the mutual in-
terference, it is possible to enhance a reaction force
against collapse.
[0170] Particularly, since the strength-variable part in
the form of beads is formed in the reinforcement 92 to
attain a great amplitude of the buckling-mode waveform
of the reinforcement 92, it is possible to reduce the man-
ufacturing cost without being accompanied with modifi-
cations in the outer member 91.
[0171] The formation of the strength-variable part can
be simplified by the provision of the beads 151. Further-
more, owing to the design of the beads 151, it is possible
to adjust the deformation mode of the reinforcement 92
with ease.

[4th. Modification]

[0172] Fig. 64 shows the fourth modification of the
third embodiment, which is similar to the third modifica-
tion.
[0173] According to this modification, the top wall 92d
of the reinforcement 92 is shaped just like a smooth
wave succeeding in the longitudinal direction, providing
the above-mentioned deformation-mode adjusting
mechanism 150 that makes the amplitude of the buck-
ling-mode waveform of the reinforcement 92 larger than
the amplitude of the buckling-mode waveform of the out-
er member 91.
[0174] It goes without saying that respective peaks

and troughs in a waveform on the top wall 92b are
formed to correspond to antinode and nodes in the buck-
ling-mode waveform of the reinforcement 92, respec-
tively.
[0175] Thus, according to the fourth modification, it is
possible to neatly accomplish a wave-shaped buckling
deformation of the reinforcement 92 due to the "peaks"
and "troughs" in the waveform of the top wall 92b, there-
by allowing the reinforcement 92 to be deformed in the
buckling-mode waveform SB whose amplitude of defor-
mation is larger than the amplitude of the buckling-mode
waveform SA of the outer member 91.

(5th. Modification)

[0176] Fig. 65 shows the fifth modification similar to
the fourth modification of the third embodiment. In this
modification, respective "peak" portions in the wave on
the top wall 92b of the reinforcement 92 are formed as
thick-walled parts each having a large thickness, while
"trough" portions are formed as thin-walled parts each
having a small thickness. The thick-walled parts and the
thin-walled parts are arranged alternately in the longitu-
dinal direction of the reinforcement 92.
[0177] According to the fifth modification mentioned
above, since the wave-shaped buckling deformation of
the reinforcement 92 is induced at respective troughs of
the thin-walled parts as the starting points of deforma-
tion, it is possible to perform the deformation in the buck-
ling-mode waveform SB more neatly. Further, since the
thick-walled peak portions of the reinforcement 92 come
into intensive contact with respective "antinode" por-
tions in the buckling-waveform of the outer member 91,
it is possible to enhance a resistance force of the whole
assembly of the outer member 91 and the reinforcement
92.
[0178] Finally, it will be understood by those skilled in
the art that the foregoing descriptions are nothing but
some embodiments of the disclosed reinforcing struc-
ture for the body frame of the vehicle. Besides these em-
bodiments, various changes and modifications may be
made to the present invention without departing from the
spirit and scope of the invention.
[0179] Japanese Patent Applications No. 2002-7907,
2002-143235 and 2002-143245 are expressly incorpo-
rated herein by reference in its entirety.
[0180] The scope of the invention is defined with ref-
erence to the following claims.

Claims

1. A reinforcing structure for a body frame of a vehicle,
comprising:

a framework member (3, 4, 5, 6, 7, 9, 10) having
two wall members adjacent to each other to
provide a peripheral wall of the framework
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member with a double wall structure; and
an adjusting mechanism (15) for adjusting re-
spective buckling-mode waveforms of the two
wall members to be different from each other.

2. The reinforcing structure of claim 1, wherein the ad-
justing mechanism (15) adjusts to make the buck-
ling-mode waveform of a first wall member (14, 19,
21) in a substantially-reversed phase to the buck-
ling-mode waveform of a second wall member (9,
10, 13, 18).

3. The reinforcing structure of claim 2, wherein the ad-
justing mechanism (15) comprises a plurality of
beads (16, 20, 22) formed on a wall face of the first
wall member (14,19, 21).

4. The reinforcing structure of claim 2, wherein the ad-
justing mechanism (15) comprises a wall face of the
first wall member (14, 19, 21), the wall face being
shaped to be a continuous and smooth wave.

5. The reinforcing structure of claim 2, wherein the ad-
justing mechanism (15) comprises a plurality of em-
bossed parts (23) formed in rows on a wall face of
the first wall member (14, 19, 21).

6. The reinforcing structure of claim 2, wherein the ad-
justing mechanism (15) comprises thick-walled
parts and thin-walled parts both formed in the first
wall member (14, 19, 21) alternately.

7. The reinforcing structure of claim 3, wherein the two
wall members (14, 19, 21, 9, 10, 13, 18) are identical
to each other in terms of plate thickness and struc-
ture.

8. The reinforcing structure of claim 3, wherein the two
wall members (14, 19, 21, 9, 10, 13, 18) are different
from each other in terms of plate thickness and
structure.

9. The reinforcing structure of claim 3, wherein the first
wall member (14, 19, 21) is an inside wall member
forming the double wall structure.

10. The reinforcing structure of claim 1, wherein the
second wall member is an outer member (41, 71,
111, 91) having a closed section, while the first wall
member is a reinforcement (42, 72, 112, 92) ar-
ranged in the outer member to extend in the longi-
tudinal direction, and the adjusting mechanism (15)
adjusts respective buckling-mode waveforms of the
reinforcements (42, 72, 112, 92) so that an ampli-
tude of the buckling-mode waveform of the rein-
forcement (42, 72, 112, 92) is smaller than an am-
plitude of the buckling-mode waveform of the outer
member (41, 71, 111, 91).

11. The reinforcing structure of claim 10, wherein the
adjusting mechanism (15) comprises a buckling de-
lay mechanism (120) arranged in the reinforcement
(42, 72, 112, 92) to delay a time of starting the buck-
ling of the reinforcement (42, 72, 112, 92) against a
time of starting the buckling of the outer member
(41, 71, 111, 91), thereby making the amplitude of
the buckling-mode waveform of the reinforcement
smaller than the amplitude of the buckling-mode
waveform of the outer member (41, 71, 111, 91).

12. The reinforcing structure of claim 11, wherein the
buckling delay mechanism (120) is formed by a
weakened part (121) provided in the reinforcement
(42, 72, 112, 92).

13. The reinforcing structure of claim 11, wherein the
buckling delay mechanism (120) is formed by a wall
face of the reinforcement (42, 72, 112, 92), the wall
face being shaped to be a smooth and continuous
wave.

14. The reinforcing structure of claim 11, wherein the
buckling delay mechanism (120) is formed by thick-
walled parts and thin-walled parts both formed in
the reinforcement (42, 72, 112, 92) alternately.

15. The reinforcing structure of claim 11, wherein the
buckling delay mechanism (120) is formed by a
clearance defined between the outer member (41,
71, 111, 91) and the reinforcement (42, 72, 112, 92)
to delay transmission of a load from the outer mem-
ber (41, 71, 111, 91) to the reinforcement, the clear-
ance extending in a direction of the load being in-
putted to the outer member.

16. The reinforcing structure of claim 10, wherein the
adjusting mechanism (15) comprises a buckling re-
stricting mechanism (130) arranged in the rein-
forcement (42, 72, 112, 92) to restrict the buckling
of the reinforcement, thereby making the amplitude
of the buckling-mode waveform of the reinforce-
ment smaller than the amplitude of the buckling-
mode waveform of the outer member (41, 71, 111,
91).

17. The reinforcing structure of claim 16, wherein the
buckling restricting mechanism (130) includes a
plurality of axial beads (131) formed on a wall of the
reinforcement at predetermined intervals in the lon-
gitudinal direction of the reinforcement (42, 72, 112,
92).

18. The reinforcing structure of claim 17, wherein the
buckling restricting mechanism (130) further in-
cludes a plurality of lateral beads (132) formed on
the wall of the reinforcement (42, 72, 112, 92) and
each arranged between the adjoining axial beads
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(131) to extend in a direction perpendicular to the
axial beads.

19. The reinforcing structure of claim 1, wherein the
second wall member is an outer member (41, 71,
111, 91) having a closed section, while the first wall
member is a reinforcement (42, 72, 112, 92) ar-
ranged in the outer member to extend in the longi-
tudinal direction, and the adjusting mechanism (15)
adjusts respective buckling-mode waveforms of the
reinforcements (42, 72, 112, 92) so that an ampli-
tude of the buckling-mode waveform of the rein-
forcement (42, 72, 112, 92) is larger than an ampli-
tude of the buckling-mode waveform of the outer
member (41, 71, 111, 91).

20. The reinforcing structure of claim 19, wherein the
adjusting mechanism (15) comprises a buckling ac-
celerating mechanism (140) arranged in the rein-
forcement (42, 72, 112, 92) to accelerate a time of
starting the buckling of the reinforcement (42, 72,
112, 92) against a time of starting the buckling of
the outer member (41, 71, 111, 91), thereby making
the amplitude of the buckling-mode waveform of the
reinforcement (42, 72, 112, 92) larger than the am-
plitude of the buckling-mode waveform of the outer
member (41, 71, 111, 91).

21. The reinforcing structure of claim 20, wherein the
buckling accelerating mechanism (140) is formed
by a load-input point for the reinforcement (42, 72,
112, 92) which is positioned in front of another load-
input point for the outer member (41, 71, 111, 91) in
a direction of a load being inputted to the reinforcing
structure, and a clearance defined between the
load-input point for the reinforcement (42, 72, 112,
92) and the load-input point for the outer member
(41, 71, 111, 91), the clearance extending in the di-
rection of the load being inputted.

22. The reinforcing structure of claim 19, wherein the
reinforcement (42, 72, 112, 92) is provided with a
deformation-mode adjusting mechanism (150)
which makes the amplitude of the buckling-mode
waveform of the reinforcement (42, 72, 112, 92)
larger than the amplitude of the buckling-mode
waveform of the outer member (41, 71, 111, 91).

23. The reinforcing structure of claim 22, wherein the
deformation-mode adjusting mechanism (150) is
formed by a strength-variable part provided in the
reinforcement (42, 72, 112, 92).

24. The reinforcing structure of claim 23, wherein the
strength-variable part is a weakened part formed in
the reinforcement (42, 72, 112, 92).

25. The reinforcing structure of claim 22, wherein the

deformation-mode adjusting mechanism (15) is
formed by a wall face of the reinforcement (42, 72,
112, 92), the wall face being shaped to be a smooth
and continuous wave.

26. The reinforcing structure of claim 22, wherein the
deformation-mode adjusting mechanism (150) is
formed by thick-walled parts and thin-walled parts
both formed in the reinforcement (42, 72, 112, 92)
alternately.

27. A reinforcing structure for a body frame of a vehicle,
comprising:

a framework member (3, 4, 5, 6, 7, 9, 10) having
two wall members adjacent to each other to
provide a peripheral wall of the framework
member with a double wall structure; and
means for adjusting (15) respective buckling-
mode waveforms of the two wall members to
be different from each other.
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